The objective of this study was to examine the adequacy of the current U.S. Navy's Air Expeditionary Squadron (AES) Authorized Medical Allowance List (AMAL) 00. Commander, Naval Air Forces (CNAF) asked Naval Health Research Center (NHRC) for research assistance in determining AMAL 0960 adequacy in meeting the medical needs of current AES operations, and to compare its medical capabilities with a CNAF proposed AMAL revision with the goal of establishing an optimal AMAL configuration that meets medical care needs for the anticipated workload while minimizing the AMAL's cost, weight, and cube.
Background
Current and future naval air power concepts of operation call for the forward deployment of disassociated EA6B or FA18 (Prowler/Growler) electronic warfare squadrons and P3 Orion maritime patrol detachments to remote operating bases in support of NATO and other operations. In recent years, these units have deployed to Afghanistan, Bahrain, Iraq, Kuwait, Qatar, the Philippines, and Saudi Arabia.
Responsibility for routine medical care rests with the squadron and is supported by authorized medical allowance list (AMAL) 0960, with health care provided by a flight surgeon and two non-independent duty aerospace medical technicians. The AMAL is designed to provide a Role I level of care (emergency flight line care and sick call) for 90 days without resupply, and must have advanced medical support and base operating support from other nearby airfield units. Depending on the type of squadron, the population at risk (PAR) is between 100 and 200 naval personnel, with 50 personnel on flight orders. Pain control is limited to oral or injectable nonsteroidal anti-inflammatory drugs.
AMAL 0960 was developed 7 years ago. A proposed upgrade was developed by naval flight surgeons and submitted to Commander, Naval Air Forces (CNAF) for type commander review and approval. In 2011, CNAF asked Naval Health Research Center (NHRC) for research assistance in determining AMAL 0960's adequacy in meeting the medical needs of current air expeditionary squadron (AES) operations, and to compare its medical capabilities with the proposed AMAL revision with the goal of establishing an optimal AMAL configuration that meets medical care needs for the anticipated workload while minimizing cost, weight, and cube of the AMAL.
Methodology
The NHRC medical resources modeling system involves several steps. NHRC creates a patient stream based on an appropriate PAR and historic casualty rates. NHRC uses several casualty estimation programs to develop injury and illness frequency distributions, including the Patient Condition Occurrence Frequency (PCOF) tool and the Ground Forces Casualty Projection System (FORECAS). The resulting patient stream can be a mix of combat injuries (including multiple traumas) and/or an array of disease and nonbattle injuries with their associated International Classification of Diseases, 9th Revision (ICD-9) code. The statistical results are augmented by subject matter expert inputs and verified by subject matter expert review.
The patient stream is then input into the Expeditionary Medical Knowledge Warehouse (EMedKW) database to support the modeling and simulation effort. EMedKW contains the Estimating Supplies Program (ESP), the Tactical Medical Logistics Planning Tool (TML+), the Medical Contingency File (MCF), the ReSupply Validation Program (RSVP), and the data structures and content necessary to support these models. EMedKW is a service-oriented architecture system designed to protect and organize medical data. The system provides medical analysts with the ability to estimate the requirements to treat a particular patient distribution, while it also tracks inventory to monitor mission readiness.
Within EMedKW, the clinical tasks required to treat each patient condition (i.e., ICD-9) are identified and matched with the required equipment and consumable items. In the analysis phase, NHRC analysts review the process output, making revisions as needed until an appropriate line list has been developed for the customer's review.
The following example illustrates the programmatic modeling internal to EMedKW (Figure 1 ). The ICD-9 code 800.00 is selected within a service branch medical treatment facility (MTF) and functional area. In the example it is a Marine Corps medical echelon forward resuscitative care MTF, and the functional area is "Triage/Pre-op." Next, numerous clinical tasks are associated with this treatment, including, for example, "Insert Endotrach Tube." Equipment and consumable items required to perform this task are then identified. To begin this study, NHRC conducted a review of the literature and written guidance of official naval air force policy, doctrine, and concepts of operation pertaining to the deployment of electronic warfare squadrons and maritime patrol detachments, as well as medical lessons learned from those deployments. Operational requirements documents for AMAL 0960 were also reviewed (Approved for Establishment of the Air Expeditionary Squadron Authorized Minimal Medical Allowance List, 2004; Lee, Brooks, Ostrander, & White, 2005; Mattson, 2011; U.S. Naval Flight Surgeon's Manual, 3rd Edition, 1991) . PAR data for Prowler/Growler squadrons and P-3 Orion patrol detachments were provided by CNAF flight surgeons, as were Unit Identification Codes (UIC) for Prowler/Growler and P3 squadrons.
Using squadron UICs, pertinent expeditionary air squadron patient encounter data was drawn from the Joint Theater Trauma Registry, the Theater Medical Data Store, the Armed Forces Health Longitudinal Technology Application, and the Global Expeditionary Medical System databases, and analyzed by NHRC statisticians for occurrence frequency of illness and injury ICD-9s. All data used in support of this study was de-identified to ensure privacy. The UICs produced a database of 2,919 AES patient presentations over 20 separate unit deployments to Afghanistan, Bahrain, Iraq, Kuwait, Qatar, the Philippines, and Saudi Arabia between 2004 and late 2011.
1 All patient presentations were either disease or nonbattle injuries. Figure 2 shows a breakdown of AES patient presentations by ICD-9 subgroups. 
AES Sick Call Presentations by ICD-9 Subgroups
Percentage n = 2,919
Using this patient information, NHRC statisticians determined the average number of patients seen each week by AES flight surgeons was equal to 2.5% of the total PAR or about 10% of the PAR per month. For this study, NHRC decided to use the largest possible PAR for AES squadrons (200) over a 90-day period, resulting in 20 patient presentations per month or 60 presentations for the entire three-month period. 2 NHRC statisticians also used this patient data to develop an AES-specific patient condition occurrence frequency (PCOF) table of ICD-9-based patient condition probabilities. NHRC medical analysts imported these probabilities into a Poisson distribution tool developed by NHRC. The Poisson tool uses the PCOF probabilities to create a patient stream. Each patient stream it creates is slightly different from the last, based on the probability of each ICD-9 to occur. Each patient stream, or "iteration," is then ranked ordered from lowest to highest. Typically, the 75th, 80th, or 85th ordered rank, or percentile, is chosen as a base patient stream.
For this study, using the Poisson tool resulted in a base patient stream with a total of 83 patients, 23 more than the estimated monthly average. Table 1 shows the patient stream. NHRC's EMedKW database contains a list of all clinical tasks performed at Role 1 treatment facilities. Not all Role 1 MTFs perform all of these tasks, but rather some subset of the overall list depending on their mission requirements. CNAF flight surgeons were asked to identify which clinical tasks they wanted the AES AMAL to be capable of performing. This resulted in a list of 48 clinical tasks the flight surgeons considered necessary for performance of the AES medical mission.
Construction of the models representing the current and modified AES AMALs revealed that neither version could perform all the required tasks. The current version of the AMAL (0960-current) did not have equipment or consumables to complete 23 of the identified tasks. The modified version (0960-modified) lacked the resources to complete 19 tasks. Using the currently deployed AMAL 0960 as its foundation, NHRC then developed an AMAL line list containing all the supplies and equipment necessary to complete all 48 tasks identified by the flight surgeons. Table 2 identifies which tasks each AMAL version can and cannot perform. Twenty-three items had to be added to the current AMAL 0960 line list so all of these identified tasks could be accomplished. Table 3 identifies these items and their uses. To maintain Navy standardization, the added items were selected either from the CNAF modified AES AMAL or another Navy AMAL. Figures 3 and 4 show the percentage of JPOC standardization in AMAL 0960 before and after NHRC optimization.
Modernization of the Air Expeditionary Squadron AMAL 0960 9 The completed models were incorporated into NHRC's EMedKW along with the AES-specific patient stream developed by NHRC statisticians. Using this data, a scenario was created in NHRC's MCF, a stochastic modeling program used for developing medical supply lists. The MCF randomly produces a patient stream based on the probability of the patient condition (ICD-9) in the base casualty stream. It then produces a list of medical supplies needed to treat the patient stream. One hundred varying patient streams and supply lists are created in this fashion. The quantity of each supply item produced by each patient stream is then rank ordered from lowest quantity to highest. The analyst selects which rank or percentile of supplies to use. In this study, the 80th percentile was used to produce the supply lists for all three versions of the AES AMAL.
Findings
The differences in line item quantities between the current and CNAF modified AMAL 0960, and the quantities produced for those same AMAL versions by the MCF process, were not dramatic. This was because the MCF output was rounded up to full units of issue (UI)-as used in both CNAF versions of the AMAL-so a comparison could be made. Tables 4 and 5 show the weight, cube, and cost differences between the CNAF line lists and the MCF output. A greater difference can be seen by comparing the MCF output for the NHRC-derived version of AMAL 0960 with the current and CNAF-modified versions. This is even more dramatic when the quantities in the NHRC-version of the AMAL are reduced to partial UIs (or partial packages), which brings the quantities more in line with the actual usage shown by the modeling. Whether full or partial UIs are used, the supply lists developed by NHRC can complete all 50 clinical tasks identified by CNAF flight surgeons as being necessary for completion of the AES medical mission. Table 6 provides a comparison of all four versions of the AMAL. As mentioned above, the NHRC line list used the current AMAL 0960 as its foundation. No items were deleted from this AMAL, although 24 new items were added based on clinical requirements, and changes were made in quantities (increases or decreases) in 33 items based on the modeling output.
Line-by-line comparisons of the CNAF AMALs and NHRC's modeling output can be found in Appendixes A-B. Appendix C shows a detailed analysis of the proposed NHRC optimized line list.
Conclusions
NHRC's process for modeling medical resource requirements showed that neither CNAF version of AMAL 0960 could adequately complete the AES medical mission. Adding 23 consumable and equipment items identified by this modeling process to the currently deployed AMAL 0960 gives it the capability to fulfill its mission. If, where applicable, the AMAL is built using partial units of issue, significant savings in weight, cube, and cost can be achieved while still maintaining mission readiness. 
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